RAPD data suggest the Gamkapoort Aloe to be of hybrid origin  by Barker, N.P. et al.
292 S. Afr. J. Bot. 1996.62(6): 292- 295 
RAPD data suggest the Gamkapoort Aloe to be of hybrid origin 
N.P. Barker: L.Y. Kruger, J.H. Vlok' and E.H. Harley' 
Department of Botany, University of Cape Town, Private Bag. Rondebosch, 7700 Republic of South Africa 
'Cape Nature Conservation, PO. Box 123, De Rust , 6650 Republic of South Africa 
2Department of Chemical Pathology, University of Cape Town. Private Bag. Rondebosch, 7700 Republic of South Africa 
Rel..'C'ived 22 January 1996: reviJed 30 Jldy /996 
The recent discovery of a population of Aloe with an unusual morphology in the Gamkapoort Nature Reserve has 
raised some interesting issues concerning its origin. The intermediate morphology of these plants suggested that they 
were of hybrid origin, the hypothesized parent species being A. ferox and A. claviflora. both of which are found in the 
region. In this study. the hypothesis thai the Gamkapoort population is a hybrid originating from these two species is 
corroborated by data obta ined using the RAPD (random amplified polymorphic DNA) method. 
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Introduction 
In 1992 a population of an Aloe with a leaf and 110ral morpho-
logy unlike any other known species was found by one. of us in 
the Gamkapoort Nature Reserve (GNR. Vlok pers. commun.) . 
The procumbent growth form of this Aloe was reminiscent of A. 
claviflora Burchell, although the rosettes of leaves were much 
larger. The inflorescence and certain floral features were similar 
to those of A. ferox Miller, with the colour of the floral parts 
being inrermedime between these two species. These observa-
tions suggested that this population might be of hybrid origin, the 
putative parent species being A. ferox and A. claviflora. However, 
neither of these species are presently found in the GNR. Further-
more, the size structure of the GNR population suggests that it 
comprises at least two (possibly three) generations, indicating 
that it has been living and reproducing successfully in the GNR 
for some time. 
Both A. ferox and A. c/(lviflora have been known to produce 
hybrids with various other sympatric species but the suspected A. 
ferox x c:/(lviflora hybrid has not been previously recorded (Rey-
nolds 1982). Neither of the putative parent species have. to date. 
been found in the GNR. The nearest known extant population of 
either putative parent is that of A. claviflora growing near Prince 
Albert, some 20 km away. In the past, taxonomic proof of a 
hybrid's origin has re lied on demonstrating that the morphologi-
cal features of a hybrid are intermediate between those of the 
parent species (Radford ef al. 1974). This has been demonstrated 
by the use of methods such as scatter plots (Anderson 1949) and 
hybrid index tables (Bell 1967). Recent advances in DNA tech-
nology have provided new tools that are able to detect low levels 
of variation within genomes. Random amplified polymorphic 
DNA analysis (RAPD) is particularly sensitive (Hadrys ef al. 
1992). This method (also known as AP-PCR: arbitrarily primed-
polymerase chain reaction) was first described in 1990 (Welsh & 
McClelland 1990: Williams ef at. I 990). The method uses PCR 
to produce a 'fingerprint ' or profile of amplified DNA fragments. 
Although it is unable to differentiate between homozygous and 
dominant heterozygous alleles in diploid material, the DNA frag-
ments, or markers, have been shown to be inherited in a Mende-
lian fashion (Bucci & Menozzi 1993: Hadrys ef al. 1992: Lu ef 
at. 1995). The RAPD method has been employed in a variety of 
wide-ranging applications. including cultivar or clone identifica-
tion (Wi lde ef al. 1992: Yang & Quiros 1993). assess meat of 
genetic diversity (Barker et (I I. 1994; Dawson et (I/. 1993; Hsiao 
& Rieseberg 1994: Rossetto ef at. 1995 : Russel ef al. 1993). 
breeding studies (Frotsch & Reisebcrg 1992). paternity testing 
(Hadrys ef af. 1993: Welsh ef at. 1991). forensics (Yoon 1993) 
and systematics (Adams & Demeke 1993: van Buren ef al. 
1994). although the applicability of RAPD data to phylogenetic 
systematic studies employing parsimony analysis has been ques-
tioned (Backeljau e/ at. 1995). Of particular relevance to this 
study is the successful application of the technique to show the 
parentage of interspecific and intergeneric hybrids in both plants 
(Arnold 1993: Crawford ef al. 1993: Marsolais ef al. 1993) and 
animals (Shoemaker ef al. 1994). 
Results from a small-scale RAPD study to determioe the 
degree of relatedness of the putative hybrid Aloe population to 
the nearest populations of the two hypothesized parent species 
are presented. Parallel phenetic comparisons based on floral mor-
phology were not possible, as the inflorescences had been 
removed and eaten by baboons prior to our fie ld-work period. 
Methods 
Leaf material of five specimens of (he hybrid popUlation in the GNR, 
a population of A. ferox at Meiringspoof( Pass and a population of A. 
c1aviflora at Price Albert were collected and frozen at - 20°C prior to 
DNA extraction. DNA was extracted from approximately 3 g of 
healthy leaf tissue using the hOl CTAB (hexedecyltrimethylammo-
nium bromide) method of Doyle and Doyle (1987). The high water 
content of the Aloe leaf (issue was found to dilute the crAB extrac-
tion buffer. rendering it ineffective. To obviate this problem. the 
extraction procedure was moditied as follows: a millilitre equivalent 
volume of double-concentrated CTAB buffer (200 mM Tris-Hel, pH 
8.0. 2.8 M NaCI. 40 mM EDTA. 4% CTAB w/v. 0.4% 2-mercap-
toethanol) equal to the mass of the leaf tissue was added to the finely 
chopped leaf material in a 30·ml Corex glass tube. Additional crAB 
buffer at the normal concentration (100 mM Tris-HCI, pH 8.0, 1.4 M 
NaCi. 20 mM EDTA. 2% CTAB w/v. 0.2% 2-mercaptoethanol) was 
then added to this to bring the final volume up to 10 ml. The le<lf tis· 
sue was then homogenized in a blender and the DNA ext racted 
according to Doyle and Doyle (1987). Final DNA concentration was 
determined using a Hoeffer TKO 100 Fluorimeter using Hoescht 
33253 fluorescent dye. 
Eight IO-mer oligonucleotide 'primers' (obtained from the Oligo-
nucleotide Synthesis Laboratory, Nucleic Acid-Protein Service Unit, 
University of British Columbia) were tested for thei r abili ty to detect 
variation in the samples studied. Of these, four were found to pro-
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duce polymorphic RAPD marker bands and were used to determine 
the gcnclil..' variahilily of the individuals and populations. These wefe 
primer 20 (5'-TCCGGGnTG-3'), primer 30 (5'-CCGGCCTT 
AG-"). primer 60 (Y-TTGGCCGAGC3') and primer 70 (5' -GGG 
CACGCGA-]'). 
In on.lcr III ensure repe;llabil ity. RAPD peR reactions need to be 
~cl up and run under stringently controlled conditions (Hadrys e l al. 
1992: Yu & PHuis 1992). In this study. peR reactions were con-
uuctcd in 50~~d volumes using 1 Unit Stralagene Promega TlIq DNA 
polymerase. 0.2 ).lmoi primer and 2.5 mM dNTPs. To ensure identi -
cal conditi()n~. the template DNA concentration was set at 100 ng 
per reactIOn . Th<.: thermal cycling parameters were set at 94°C (15 
sec) .. HJOC (15 sec) 72°C (I min), this being repeated for 40 cycles. 
All amp!llkations WCrt! carried out using a Techne PHC2 thermal 
l'Ydcr with a Tc<:hne PC :') pump and CH 5 chiller unit. Using these 
conditions. magnesium chloride concentrations were optimized 
using rcpr~sl!ntative~ of each of the three populations. The optimum 
c()nccntr~l\i()n was thcn used in reacLions with all 15 samples. PCR 
prO(Jucl~ were clcl.: trnphorcscd in a 1% agarose gel in standard I X 
TAE fTris. acc(l(; adtl. EDTA) buffer slaine<.l with ethidium bromide 
,md visuah ted usmg an uhraviolet (ransilluminator. Photographic 
rcc()rd~ \ ... ~rc maLIc using a Hasselblad camera and Polaroid film . 
The RAP!) mark,,;rs produced from each sample were scored from 
photographs in the form of 'presence - absence' data. NTSYS-pc 
version 1 A (Numcrical Taxonomy and SYStematics package: Rholf 
19XX) wa:» used to ~ma l yse the dara by means of a principal compo-
ncnts anJIYSls (peA). Samples that failed to amplify in certain PCR 
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Figure A graphic representation of the RAPD marker profiles 
from the 15 samples generated by the use of four 10-mer oligonu-
cleotide RAPD primers. Samples are labelled CI to C5 (A. clavi-
flom). HI ( 0 H5 (hybrid) and FI to F5 (A.ferox). The primer associ-
ated with ear..:h profile is indicated on the extreme right, prefixed by P. 
Those bands thJt arc species specific (but which may be shared with 
the hybrid) are indicated by arrows. The letter F (= A. ferox) or C (= 
A. cfu\'ijlora) behinLl each Jrrow indicates the species to which the 
indicated marker is specific. Those markers that are consistent 
throughout the samples are indicated by arrows with an asterisk . 
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reactions (such as hybrid 3) were coded as 'missing data ' (not as 
·absent ' ). In order to determine the inter- and inlrawpopulation aver-
age similarity, the simi larity between each of the samples was first 
calcu lated using the simple match ing coefficient (mIll , where m = 
number of matches and If = sample size). This was also done using 
NTSYS-pc version 1.4. These inter-specimen values were rhen 
summed and divided by the number of comparisons to obtain an 
average value for each inter-population comparison. 
Results 
The four primers produced a total of 32 scorable bands from the 15 
samples analysed. Primer 20 produced five scorable markers. while 
the other three primers produced nine each (Table 2). Figure 1 shows 
a graphic representation of the marker profiles. Some samples (par-
ticularly hybrid sample 3) failed to produce amplification products 
for some primers. Reasons for this are not clear, but it is possible that 
this particular DNA extract was noC as pure as the others. 
Of the 32 scorable markers. eight were present in at least some 
samples from all three popUlations, and thrt!e were found in every 
sample that produced RAPD profiles. In comparing the marker pro-
files of the two putative parent species (i .e . ignoring the hybrid sam-
ples), it was found Ihat fou r markers were exclusive to A. clavi flora 
and seven to A. ferox. These markers are indicated in Figure I. No 
markers were exclusive to some or all specimens of the putative 
hybrid population. 
Nine markers are common between at least some A. ferox 
specimens and the hybrid specimens, while eight markers are 
common between at least some specimens of the hybrid and A. 
claviflora populations. The results of the PCA based on the pres-
ence or absence of these markers are presented in the form of a 
3-dimensional pial (Figure 2). The lirsl three axes displayed in 
this plot account for 69. I 5% of the variance in the data. This plot 
shows the samples of the hybrid population to be intermediate 
between those from populations of the putative parent species. 
Table I shows the average inter- and intra-population similarities 
(based on the simple matching coefficient). These values also 
indicate the intermediacy of the hybrid population. It must be 
noted that re-analysis of the data set following the removal of the 
hybrid specimen H3 (which failed to produce RAPD products for 
2 primers) does not greatly change the resulis of (he peA (results 
not presented). 
Discussion 
In assessing these results, it must be emphasized that the total 
diversity of both the putative parent species has not been sam-
pled; merely a small sample of the nearest known populations of 
these species. It would be expected that the genetic diversity of 
the two putative parent species would be significantly higher had 
samples from further afield been included in this study. The aver-
age genetic similarity between the hybrid and Aloe claviflora 
· .~ . ],:r.··· ."( .. ·t'·;; ;~1 I .. 
---
Figure 2 A three-dimensional plot of the first three axes of the 
principal components analysis (PCA). These three axes account for 
69.15% of the variation in the data. The specimens are labefled with a 
letter and a number. C = A. clavi flora , F = A. Jerox and H ::: hybrid. 
Data from those samples that failed to produce RAPD products were 
coded as 'missing'. 
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Table 1 The average genetic similarity within (diagonal) 
and between the populations expressed as a percentage. 
These values were obtained by calculating the similarity 
between each of the samples using the simple matching 
co-efficient (min, where m = number of matches and n = 
sample size). This was done using NTSYS-pc version 
4.1. These values were then summed for each population 
level comparison and then divided by the number of com-
parisons to obtain an average value 
A. clavijTora 
A, dav{f1ora 83 .5 
Hybrid 
A.ferox 
63.3 
40.2 
Hybrid 
73.6 
57.9 
Aferox 
84.4 
populations is 63.3%, and 57.9% for the hybrid - Aloe ferox 
comparison (Table I). These values are close to the median 
(61.85-62.3%) between the two extremes of interspecific 
(40.2%) and intra- (parental) population (83.5% and 84.4%) lev-
els of genetic similarity (Table I), The closeness of these similar-
ity values between the hybrid and the two putative parent taxa is 
what would be expected for F. hybrids or their progeny. It is 
expected that morphologically distinct taxa (species in this 
instance) possess unique genetic markers (Hadrys et al. 1992). 
Given the caveat concerning the limited sample range and size. 
this holds true for the two putative parent species: four markers 
are unique to A. claviflora while seven markers are unique to A. 
ferox (excluding, for a moment, the hybrid population from con-
sideration). These markers may therefore be considered as char-
acters (sellsII Nixon & Wheeler 1990) that define each of the 
parent species as a phylogenetic species. The observation that all 
the RAPD markers found in the hybrid samples are also present 
in at least some of the samples of the putative parent species indi-
cates that the hybrid population does not posses RAPD charac-
ters of its own that would define it as a third species lineage. This 
lack of unique characters lends further weight to the hypothesis 
that the GNR population is a hybrid of A clavi flora and Aferox. 
Origin of the hybrid 
Subsequent to this study, a second population of the hybrid has 
been located near Graaf Reinett. Both of the putative parent spe-
cies are also found at this locality This second and apparently 
independent hybridization event indicates that the reproductive 
barrier between these two species is not strong. 
Historical records are scanty and it is not known if either puta-
tive parent species occurred in the GNR area in the past. If one of 
them did exist in this area, it may be speculated that a pollinator 
such as a bird could have been responsible for the long-distance 
introduction of pollen from the second parent species. Hoffmann 
(1988) has shown that A ferox is self incompatible and reliant 
upon a guild of bee and bird pollinators for pollination. However, 
no such data is available for A. claviflora. 
Conclusion 
Use of RAPD markers, within the context of the limted sample 
size used here, supports the hypothesis that the Aloe population 
in the Gamkapoort Nature Reserve is of hybrid origin, the paren-
tal species being A. ferox and A. claviflora. 
Although there are some technical and methodologicallimita-
tions , the small amount of tissue required, the non-destructive 
sampling, the large number of markers obtained and the very 
large number of potential primers available make the RAPD 
s. Afr. J. Bot. 1996.62(6) 
Table 2 Details of the primers used in successful 
RAPD reactions (i.e. those that produced polymor-
phic markers). Primer sequence is provided in the 
standard 5'-3' orientation 
Number of bands 
Primer Primer sequence (5'-3') produced 
20 TCCGGGTTTG 5 
30 CGGCCTTAG 9 
60 TTGGCCGAGC 9 
70 GGGCACGCGA 9 
method a powerful tool for studies in population genetics, sys-
tematics and the conservation of genetic diversity. 
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